Abstract. We determined the densities of diapausing eggs of the copepod Diaptomnus sanguineas in sediments from two small freshwater lakes in Rhode Island. Sediment cores, sliced at 1-cm intervals, showed that egg densities ranged between 4 X 104 and 8x 1(X 4 eggs/mi near the sediment surface and declined to very low values at depths of 10-15 cm in both lakes, although eggs were found as deep as 30 cm in the sediment of one lake.
INTRODUCTION
Most freshwater zooplankton are typically thought of as short-lived animals with high potential population growth rates (Fenchel 1974 , Allan and Goulden 1980 , Banse and Mosher 1980 , an ability to respond rapidly to changing environments (Peters 1983) , and a high sensitivity to anthropogenic disturbance (Moore and Folt 1993, Locke and Sprules 1994) . One feature of many species of zooplankton that is often overlooked in this characterization is their ability to make diapausing eggs. The natural life-span of these dormant stages has been little investigated, but existing data suggest that the duration may be at least on the order of decades. Aside from anecdotal descriptions of zooplankton diapausing eggs surviving for extended periods on laboratory shelves and other unnatural locations (e.g., Gilbert 1974 , el Moghraby 1977 , there are four studies reporting viable eggs taken directly from lake sediments of known age. Nipkow (1961) hatched diapausing eggs of seven species of rotifers from the varved sediments of ZUrichsee, Switzerland, obtaining maximum egg ages of between 15 and 35 yr, and Moritz (1987) found viable eggs of Ceriodaphnia pulchella as old as 14 yr in 137Cs-dated sediments of Pilburger See, Austria. More recently, Marcus et al. (1994) obtained viable diapausing eggs of a variety of zooplankton taxa, ' Manuscript received 26 September 1994; accepted 9 January 1995. including copepods, a cladoceran, and a rotifer with maximum ages between 5 and 40 yr in 21'Pb-dated sediments of a meromictic lake at the upper end of the Pettaquamscutt estuary, Rhode Island, USA, while Hairston and Van Brunt (1994) found viable eggs of diaptomid copepods in 21(Pb-dated sediments of Oneida Lake, New York, USA in large numbers at sediment depths aged at 22 yr and still present in sediments nearly 90 yr old. In addition to being long lived, the densities of these eggs in lake sediments can be extremely high, typically ranging between 10-and 106 eggs/M2 (Lampert and Krause 1976 , Hairston and De Stasio 1988 , Carvalho and Wolf 1989 , De Stasio 1989 , Ban 1992 , Hairston and Van Brunt 1994 . Similar densities are found in near-shore marine sediments (Kasahara et al. 1975 , Kankaala 1983 , Lindley 1990 , Marcus et al. 1994 ).
The diapausing eggs in lake sediments thus represent an "egg bank" analogous to the seed banks of many terrestrial plants (Hairston and De Stasio 1988 , De Stasio 1989 , Marcus et al. 1994 . Depending on the probability that sediment eggs receive the cue to hatch (typically some combination of light, temperature, and oxygen [Gilbert 1974 , Stross 1987 ), prolonged diapause has the potential to extend substantially zooplankton generation times. This, in turn, can slow the rate of elimination of a species from a system when conditions for individuals in the active stages become uninhabitable, and can increase the rate of return of a species wrapped in aluminum foil and stored in the dark at 40C until 14 January 1991 when funds were available to process the sediments and analyze them for copepod diapausing egg densities. The core was extruded and sliced in 1-cm intervals down to 19 cm; below this depth, only the 24-25 cm and the 30-31 cm slices were analyzed. For each slice, the outer layer of sediment that had dragged along the wall of the core tube was trimmed using a cookie cutter (5.9 cm diameter) and discarded.
For analysis of egg densities, all eggs in each slice were counted. Eggs were separated from sediments by suspending each subsample in water and sonicating using a Branson probe sonifier set at low intensity. After removing the water, the sediment and eggs were resuspended in a 30% sucrose solution, centrifuged at 650 rpm (-7.7 m/s2) for 1.5 min, and the supernatant was filtered (75-[tm mesh) and resuspended in filtered lake water. Processed samples were searched for eggs under a stereo-dissecting microscope. Eggs were identified as viable if they were the dark brown or red color typical of diapausing eggs just after they are laid, or if they contained distinctly visible "eyed" embryos. It is our observation that dead eggs decompose very quickly.
Eggs scored as viable were isolated in glass-fiber-filtered lake water and placed in a controlled environment chamber at 3YC under continuous illumination by daylight fluorescent lamps and monitored at least twice monthly for hatching for 9 mo. dating. Water content was not determined on this material, and so we assume here that it is constant in order to calculate sediment age. 210Pb activity was measured for eight of the core slices. after isolation (see Discussion). Note that these are minimum hatching percentages because many eggs remained unchanged and apparently viable at the end of the study. Hatch percentages in parentheses are unreliable due to low sample size, but are illustrated here to show that some eggs hatched even from deep in the Bullhead Pond core.
The mortality rate of the diapausing eggs in the sediments can be calculated by regressing In (egg density) on the sediment age at which the eggs were collected (Fig. I) . This approach assumes a constant (or at least not a systematically varying) rate of egg input over time. Indeed, for Bullhead Pond, we can calculate the numbers of diapausing eggs produced annually by D.
siungui'neus from the results of weekly zooplankton s.armples obtained between 1979 and 1986. For this rather brief period, egg production showed no directional change and a modest coefficient of variation (7 1 and marine (e.g., Grice and Marcus 1981 , Hairston and Van Brunt 1994 , Marcus et al. 1994 , raises the question of whether this trait is an adaptation to unpredictable recruitment in these less extreme environments, or simply an artifact of egg burial (i.e., they must be close to the sediment surface to hatch). By analogy with seed bank theory., we expect that when survivorship of the diapausing eggs is high, even fairly modest recruitment fluctuations between years will lead to the evolution of prolonged diapause (Ellner 1985) .
Knowing the extent of recruitment fluctuations will thus be essential for evaluating whether the egg bank is an adaptation or an artifact. Ultimately it will be necessary to learn the cues involved in inducing hatching of diapausing eggs and then to see if egg hatching is delayed after repeated exposure to these cues. The extent to which diapausing eggs may contribute to future recruitment depends on the rate of sediment burial and the probability that eggs at depth get returned to the sediment surface by disturbance of the lake bottom.
In lakes with very slow sedimentation rates such as it permits types that suffer relatively poor recruitment in one year to be well represented in other years for which recruitment may be better. Finally, because large so, clearly has the effect of increasing generation overlap, prolonged diapause (whether or not it is an adaptation), may turn out to be a key component in the maintenance of biotic diversity (Hairston et al. 1995) .
